Three sets of facial flatness measurements were taken of five Mongoloid cranial series from North America, and two Mongoloid and one Caucasoid cranial series from East Asia. The data of the Ainu and Japanese quoted from YAMAGUCHI (1973) were also used as a comparison.
Introduction
Four sets of measurements of the transverse facial flatness of the human cranium were formulated and applied to a large number of crania from the greater part of the world by Woo and MoRANT (1934 the racial varieties of modern man. Russian anthropologists, defining the zygomaxillary measurements and index in place of the premaxillary ones proposed by Woo and MORANT (1, c.) , gave numerical data on the facial flatness of the cranium in Siberian Mongoloid populations (DESETS,1951; ALEX-SEEV, 1979a) . They concluded that these measurements were not only effective in discriminating Mongoloid crania from Europoid crania, but also useful in distinguishing among local Mongoloid variants. Applying the new series of measurements to the Ainu, Japanese and Jomon crania, YAMAGVCHI (1973 YAMAGVCHI ( , 1980 disclosed their positions in relation to the adjacent populations from the standpoint of facial flattening.
In North America, these flatness measurements had been considered as an excellent indicator in distinguishing Eskimo crania from American Indian crania (OSCHINSKY, 1962 (OSCHINSKY, , 1964 . Recently, ALEKSEYEV (1979b;  stressed that the horizontal facial profile is of great taxonomic significance for the differentiation of the Arctic Mongoloid and American Indian populations, though con- by HASEBE (1938) . Alaskan Eskimo crania were divided into two series according to dialects. The Inupik-speaking Eskimos occupied the upper area of Alaska and were in the same division as the Canadian Eskimos, while the Yupik-speaking Eskimos occupied the lower region of Alaska (OSWALT, 1967) .
In addition to the metric data of these materials, those of the Ainu and Japanese crania were quoted from YAMAGUCHI (1973) . Since the present author assisted him in measurements of facial flatness, the measuring techniques of both authors are completely consistent with each other. Thus, the data of YAMAGUCHI are comparable with those of the present author.
Methods
The same definitions of measurements and indices of flatness as described by YAMA-GUCHI (1973 , 1980 were used. The following brief descriptions of the definitions were quoted from YAMAGUCHI (1980) . 1) Frontal index of flatness is the percentage of the nasion subtense to the chord between the frontomalaria orbitalia. 2) Simotic index is the percentage of the minimum subtense of the median ridge of the nasalia to the simotic chord, i. e., the minimum horizontal breadth of the nasalia.
3) Zygomaxillary index of flatness is the percentage of the subspinale subtense to the chord between the zygomaxillaria anteriora.
In the present study as in the report of YAMAGUCHI (1973) , the subtenses were not measured directly with coordinate calipers, but obtained from three sides of a triangle measured by 0.1 mm with a pair of vernier calipers using the trigonometric formula as shown in Fig. 1 . During the investigation of the Eskimo series, crania with very narrow nasal bones were sometimes encountered.
The simotic measurements were not taken for those crania whose nasalia were less than 4 mm in minimum width in order to secure an accuracy of these delicate measurements.
Such crania amounted to 6.0 percent of male and 21.3 percent of female crania in the Canadian Eskimos, 6.8 percent of male and 18.4 percent of female crania in the Inupikspeaking Eskimos, and 8.3 percent of male and 15.4 percent of female crania in the Yupik-speaking Eskimos. Consequently, mean values of the simotic chord are considerably deviated from the true means in the Eskimo series. However, it should be noted here that the simotic index was scarcely influenced by such a situation, because no significant correlation is observed between the simotic chord and index (r=-0.16 in the male Canadian Eskimo series).
Correlation of each index of flatness between sexes was measured by the SPEARMAN rank correlation coefficient (cf. SIEGEL, 1956) .
The cranial series involved in the present study were compared with each other by means of a three-dimensional scatter diagram of the frontal, simotic, and zygomaxillary indices of flatness. In addition to these comparisons, PENROSE shape distances (cf. CONSTANDSE-WESTERMANN, 1972) , based on the three sets of measurements and using the standard deviations of the Mongol series, were computed for all possible pairs among the cranial series under consideration.
In order to examine positional relationships among all the cranial samples from the standpoint of facial flattening, the principal co-ordinates analysis developed by GOWER (1966) was attempted on the basis of the matrix of PENROSE shape distances.
Results of Measurements
The results of frontal, simotic, and zygomaxillary measurements of flatness are given in Tables 2, 3 and 4, respectively.
As described previously, the data of the Ainu and Japanese are quoted from YAMAGUCHI (1973).
Correlation of the index of flatness between the two sexes was measured by the SPEARMAN rank correlation coefficient (rs) : rs=0.9636, n=10, p<0.01 in the frontal index, rs=0.8970, n=10, p <0.01 in the simotic index, and rs=0.9152, n=10, p<0.01 in the zygomaxillary index. A considerably high correlation coefficient is obtained in each of the three indices of flatness. In the frontal index, the mean of the East Indian series is the highest and that of the Mongol series the lowest for both sexes, while in the simotic index, the mean of the Canadian Eskimo series is the highest and that of the Micronesian series the lowest for both sexes. In zygomaxillary index, the mean of the Ontario Iroquois is the highest and that of the Mongols the lowest for both sexes. In the frontal region as well as in the zygomaxillary region, the mean indices of the Table 5 and those for the female in the lower left half of the same Table. Correlation of the distances between the two sexes measured by the SPEARMAN rank correlation coefficient (rs) is extremely high : rs=0.9684, n=45, p<0.001.
The closest and the next closest distances are obtained between the Yupik-speaking Alaskan Eskimos and the Canadian Eskimos, and between the Inupik-speaking Alaskan Eskimos and the Canadian Eskimos, respectively, in the male series.
In the female series, the closest distance is found between the Micronesians and Aleuts, and the next closest distance between the Ainu and Japanese. Among the Mongoloid series, the distance between the Mongols and Ontario Iroquois is the farthest in both sexes, and that between the Canadian Eskimos and Ontario Iroquois is the next farthest in the male, while the distance between the Yupik-speaking Alaskan Eskimos and Ontario Iroquois is the next farthest in the female.
These results are slightly different, especially in females, from those deduced from the three-dimensional diagrams (Figs. 2 and 3) which are constructed only by three indices of flatness.
On the basis of the matrix of PENROSE shape distances shown in Table 5 , the principal co-ordinates analyses were carried out, the results of which are illustrated two-dimensionally in Fig. 4 . The first two principal components explain about 90 percent of the total variance in both sexes. Positional relations of the male series coincide almost exactly with those of the female series. The East Indian series representing a Caucasoid population is located at a peripheral point in the lower right quadrant, whereas the Mongol series occu- 
Discussion
Probably, the present study is the first to clearly indicate that the frontal, simotic, and zygomaxillary indices of flatness are highly correlated between the two sexes, though such trends can be inferred from Figs. 1 and 2 in Woo and MoRANT (1934) . The high correlation between the two sexes is also observed in PENROSE shape distances based on the three sets of facial flatness measurements.
Probably due to this strong correlation between sexes, the positional relations of the cranial series shown in Fig. 4 are almost exactly coincident between the two sexes.
Figs. 2 and 3 show that the frontal index of flatness clearly discriminates the East Indians from the Mongoloid series as a whole. Though Woo and MORANT (1934) pointed out that the frontal and simotic indices were the two most suggestive indices for the discrimination of racial varieties, the range of variation of the simotic index is considerably wide in the present Mongoloid series. The mean simotic indices of the Canadian Eskimos and Inupik-speaking Alaskan Eskimos exceed that of the East Indians in both sexes. The zygomaxillary index of flatness also clearly distinguishes the East Indians from the Mongoloid series, with the exception of the Ontario Iroquois series whose mean zygomaxillary index is larger than that of the East Indian series in both sexes.
From these facts, it is inferred that the combination of the frontal and zygomaxillary indices is more effective than the combination of the frontal and simotic indices in differentiating the Mongoloid and the Caucasoid groupings.
Both in the three-dimensional diagrams of the three indices of flatness (Figs. 2 and 3 ) and in the principal co-ordinates analyses (Fig. 4) (1973) . The Ainu is apparently included within the range of variation of the Mongoloid series with regard to facial flattening.
In Fig. 4 showing the results of the principal co-ordinates analyses, the Japanese and Ontario Iroquois are close to each other, located in the upper right quadrant. The positional relations of the two series are considerably different between the twodimensional diagrams based on the principal co-ordinates analyses (Fig. 4) and the threedimesional diagrams of the three indices of flatness (Figs. 2 and 3) . The close positional relationship between the Japanese and Ontario Iroquois series shown in Fig. 4 appears to be the result mainly due to their less flat zygomaxillary region. By a discriminant analysis of 30 population samples on the basis of eight cranial measurements, YAMAGUCHI (1981) obtained the result that the morphological distance between the Japanese and Ontario Iroquois is considerably small. Therefore, it is not unreasonable to postulate the intimate relationship between the two population samples in regard to their facial flatness. As seen also in Fig. 4 , the Inupik-speaking Alaskan Eskimo is slightly closer to the Canadian Eskimo than to the Yupik-speaking Alaskan Eskimo. The former two series are lo cated in the upper left quadrant, whereas the latter series is situated in the lower left quadrant.
These positional relations among the three Eskimo series are consistent with the geographic and linguistic relations of these Eskimo series. In this respect, the results of the principal co-ordinates analyses appear to be more reasonable than those of the three-dimensional diagrams based only on the three indices of flatness.
The fact that the Canadian Eskimos and the Inupikspeaking Alaskan Eskimos are located in the upper left quadrant and form a cluster separable from other Northern Mongoloid series in Fig. 4 may be interpreted as the extreme horizontal protruding of their nasal bones.
In general, the Eskimo's face is characterized by the extremely flat frontal and zygomaxillary regions and pronounced nasal bones. The face of a young Inuit lady shown in Fig. 5 and this enlargement is viewed as an adaptation to transfer large biting forces from the anterior part of the face to the neurocranium."
The increased facial flatness of the Mongoloid people has been traditionally explained by the cold adaptation theory advanced by CooN et al. (1950) . However, it appears that the reduced but prominent-so-called "pinched" -nasal bones of the Eskimo crania do not intimately correlate to cold adaptation. ENDO (1970) demonstrated experimentally that during anterior biting, the frontal processes of the maxillae are under considerable amounts of compressive stress, while the nasal bones are only slightly stressed.
Referring to the ENDO's report, HYLANDER (1972) concluded that nasal bone reduction is coupled with enlargement of the frontal processes of the maxillae which is viewed as an adaptation to effectively dissipate the large biting forces in the anterior part of the Eskimo face. Not only the reduction, but also the prominency of the nasal bones of the Eskimo crania may be explained from the biomechanical standpoint. At any rate, however, further research, whether morphological or experimental, will be necessary for a precise interpretation of the "pinched" nasal bones of the Eskimo crania .
